SUMMARY Fourteen patients with untreated mild to moderate essential hypertension had on average an abnormally high cardiovascular reactivity to exogenous noradrenaline and angiotensin II, while plasma noradrenaline, renin activity, exchangeable body sodium, and blood volume were normal. Treatment with a low dose of indapamide (2-5 mg/day) for six weeks decreased blood pressure by 10% in these hypertensive patients but not in 13 normal control subjects. Plasma or blood volume and exchangeable sodium were not changed significantly; nevertheless, the latter, and body weight, tended to be decreased slightly. Though a mild reduction in extracellular sodium in both normal and hypertensive subjects appears possible, it may not per se fully explain indapamide's blood pressure-lowering effect in essential hypertension. Indapamide induced a mild decrease in angiotensin II pressor responsiveness in normal or hypertensive subjects, but a possible depressor influence from this change was probably antagonised by a concomitant pronounced increase in plasma renin activity. In hypertensive patients, the abnormally high noradrenaline ractivity was corrected by indapamide without an accompanying increase in endogenous plasma noradrenaline levels. Indapamide-induced changes in blood pressure correlated with those in noradrenaline pressor dose. It was concluded, therefore, that indapamide may decrease blood pressure in essential hypertension at least in part by lowering an abnormally high cardiovascular noradrenaline reactivity without causing an equivalent increase in adrenergic nervous activity.
The pathogenesis of essential hypertension is still incompletely understood and thus the selection of drugs for its treatment has been based largely on empirical guidelines. Recent studies have suggested that essential hypertension is associated with exaggerated cardiovascular reactivity to noradrenaline in the presence of normal or sometimes even somewhat high sympathetic and renin activity'" and a normal body sodium volume state.5 6 In consequence, an agent acting preferentially on vascular sensitivity should be of therapeutic interest. Indapamide (N-(3-sulphamoyl-4-chlorobenzamido) 2-methyl indoline), a new antihypertensive compound, has been found, in vitro, to reduce the contractility of vascular smooth muscle cells in response to noradrenaline and angiotensin II.7 8 The present study was undertaken to investigate the effects of indapamide on cardiovascular noradrenaline and angiotensin II reactivity and on various pressor factors in essential hypertension.
Received for publication 16 January 1981 Subjects and methods Fourteen patients with borderline to moderate essential hypertension (10 men, four women, mean age 38±14 SD, range 18 to 62 years) and 13 normal healthy volunteers (nine men, four women, mean age 43±19 SD, range 22 to 66 years) were studied. All had not previously submitted to laboratory study. No patient had heart failure, coronary artery disease, a previous stroke, or a plasma creatinine above 115
[tmol/1 (1-3 mg/dl). None of the women were on oestrogen-containing oral contraceptive drugs. Antihypertensive drugs were withdrawn four weeks before the study. All the subjects, who had given their informed consent to the studies, were instructed to avoid very salty food and to refrain from adding salt to their food.
The clinical methods used in this study were given ethical approval by the Swiss National Science Foundation. Initially, subjects received a matched placebo, one tablet every morning for four weeks. 404 The placebo was then replaced by active indapamide, one tablet (2-5 mg) every morning, for six weeks. At the end of the placebo and indapamide phases the following were measured: 24 hour urinary sodium, potassium, catecholamine and creatinine excretion, plasma sodium, potassium (by flame photometer), and creatinine levels (by autoanalyser), haematocrit, blood volume, and exchangeable body sodium (by standard isotope dilution methods using '31J-human serum albumin and 24Na, respectively)9; plasma renin activity (by radioimmunoassay),'0 noradrenaline and adrenaline levels (by a radioenzymatic method)," blood pressure and heart rate were determined in the morning after one hour of recumbency and again after one hour during which they were allowed to walk about the laboratory. Blood pressure was recorded with an automatic blood pressure recorder, Physiometrics SR2. Mean blood pressure was calculated as the sum of the diastolic pressure and one-third of the pulse pressure. The pressor reactivity to intravenously infused noradrenaline and angiotensin II is defined by convention as the inverse of its pressor dose' and was determined in the supine position after obtaining basal (preinfusion) plasma renin activity and noradrenaline levels. After 60 minutes of a slow infusion of 5% glucose, at least five basal blood pressure values were obtained and the glucose infusion was then replaced by a solution of noradrenaline in 5% glucose, using a constant infusion pump. The rate of infused noradrenaline was increased stepwise every five to 15 minutes until mean blood pressure had stabilised for at least 10 minutes on each of two target levels, namely 10 to 15 and 25 to 35 mmHg, respectively, above basal mean blood pressure. After an interval of 30 minutes, during which only 5% glucose was infused, an infusion of hypertensin (Ciba; Valine5 form of angiotensin II) in 5% glucose was given in a similar way to reach two target levels of diastolic blood pressure, namely 5 to 10 and 15 to 25 mmHg above basal diastolic blood pressure. The dose response curve was calculated, defining the pressor dose as the dose necessary to increase mean (noradrenaline) or diastolic (angiotensin II) blood pressure by 20 mmHg and the threshold dose as the (extrapolated) dose to increase blood pressure by zero.'l Based on the previous demonstration of stable plasma noradrenaline concentration after five to 10 minutes of noradrenaline infusion at a given rate,13 the total plasma noradrenaline (NA) clearance (Cl) was calculated by the formula Cl( litreNA dose per minute min corresponding plasma NA minus basal plasma NA Each clearance value consisted of the mean of two to three single clearances obtained with lower and higher infusion rates.
For the t test (always two-tailed) or regression analysis, the natural logarithm transformation of plasma renin activity, plasma aldosterone, noradrenaline, adrenaline, or threshold and pressor doses was used.
Results
Clinical and laboratory data are shown in Table 1 . Six weeks of treatment with indapamide significantly decreased blood pressure by 10% in the hypertensive group, whereas it was unchanged in normal subjects. Mean body weight tended to decrease slightly in both groups (-0 7 and -0 9 kg, or -1 and -1 3%, respectively). Mean heart rate, plasma and blood volumes, plasma sodium and creatinine levels, and urinary sodium and potassium excretion rates were not altered significantly after six weeks on indapamide; total exchangeable sodium tended to be slightly lowered in the hypertensive and normal subjects (-80 mmol in both, or -2-8 and -2-7%, respectively), but these changes were also statistically not significant. Plasma potassium was decreased by an average of 0 5 to 0 6 mmol/l.
Supine and upright plasma renin and catecholamine levels as well as 24 hour catecholamine excretion rates obtained during or at the completion of exchangeable sodium-blood volume measurements were comparable between untreated normal and hypertensive subjects, except for supine plasma adrenaline which tended to be slightly higher in the hypertensive group (Table 1) . During indapamide treatment, supine and upright plasma renin activity was increased conspicuously (p<0001). Plasma adrenaline was unchanged in the two groups. Mean plasma noradrenaline tended to be increased slightly, but this tendency reached statistical significance (p<005) only in the hypertensive patients while they maintained the upright position. Plasma noradrenaline obtained in the supine position immediately before the noradrenaline infusion did not differ between untreated normal and hypertensive subjects and remained stable during treatment with indapamide ( Table 2) .
Patients with untreated essential hypertension, however, tended to have a lower noradrenaline pressor (p<0 1) and threshold dose (p<0c001) than normal subjects (Table 2) ; and this alteration in the hypertensive patients was restored (p<0 01) to normal by indapamide. Moreover, indapamideinduced changes in noradrenaline pressor dose and mean blood pressure were inversely correlated (r= -0-62; p<005), (Fig.) . In contrast, the pressor and threshold doses of infused noradrenaline in normal subjects were not influenced by indapamide.
The slope of the noradrenaline dose-blood pressure 
Discussion
Indapamide is a sulphonamide derivative with both antihypertensive and diuretic properties, the latter probably by an action on the cortical diluting segment of the distal renal tubules. 14 Since indapamide at a low dose of 2-5 mg/day is an effective and practical treatment of hypertension,8 15 16 the same dose was also chosen for the present study.
The tendency for hypokalaemia to occur during indapamide treatment was probably a consequence of a state of secondary hyperaldosteronism'7; it was of only mild degree and did not necessitate potassium supplements. After six weeks of indapamide treatment, blood pressure in our patients with mild to moderate hypertension was reduced by an average of 10%. In contrast, it was unchanged in the normal subjects.
Treatment with low doses of indapamide had no statistically significant effects on total exchangeable body sodium, plasma or blood volume, plasma sodium, and urinary sodium excretion rates in either our normal or hypertensive subjects, or in 20 hypertensive patients reported by others. 14 Nevertheless, considering the tendency for a slight parallel decrease in body weight (0-9 kg in our normal and 0-7 in our hypertensive subjects) and total exchangeable sodium (about -80 mmol in both study groups), a mild extracellular sodium and fluid loss appears possible. Considering the unchanged blood pressure in the normal subjects treated with indapamide, this small variation of exchangeable sodium did not seem to exert a pronounced hypotensive effect. We accept that the available radioisotope techniques may not allow very subtle modifications of extracellular sodium-fluid volume contents 
